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Lateral  type  semiconductor  device  having  a  structure  for  eliminating  turning-on  of  parasitic  mos 
transistors  formed  therein. 

ductor  layer  crossing  a  part  of  the  intervening  region 
at  a  level  separated  therefrom,  a  second  conductor 
layer  (15)  provided  on  the  first  insulator  film  at  a 
level  below  the  first  conductor  layer  so  as  to  cover  at 
least  the  part  of  the  intervening  region  which  is 
crossed  by  the  first  conductor  layer,  a  second  in- 
sulator  film  (16)  interposed  between  the  second  con- 
ductor  layer  and  the  first  conductor  layer,  and  a 
circuit  (VE,  VE')  for  applying  a  predetermined  volt- 
age  (V2)  to  the  second  conductor  layer,  the  pre- 
determined  voltage  having  a  second  magnitude  cho- 
sen  such  that  turning-on  of  a  parasitic  MOS  transis- 
tor  formed  in  the  semiconductor  device  is  elimi- 
nated. 

©  A  semiconductor  device  comprises  a  substrate 
(21)  of  a  first  conduction  type  defined  by  a  major 
surface,  a  pair  of  conductive  regions  (12i  ,122; 
12i,122)  of  a  second  conduction  type  formed  in  the 

5!  subs  trate  along  the  major  surface,  an  intervening 
^   region  (23)  of  the  first  conduction  type  formed  in  the 
W  substrate  between  the  pair  of  conductive  regions  so 
®as   to  separate  the  pair  of  conductive  regions  from 
^each   other,  a  first  insulator  film  (28)  provided  on  the 
O  substrate  so  as  to  cover  the  major  surface  thereof 
2   including  the  pair  of  conductive  regions  and  the 

intervening  region  located  therebetween,  a  first  con- 
O   ductor  layer  (17)  provided  so  as  to  extend  generally 
^,  parallel  to  the  major  surface  of  the  substrate  with  a 
IU  separation  from  the  first  insulator  film,  the  first  con- 
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LATERAL  TYPE  SEMICONDUCTOR  DEVICE  HAVING  A  STRUCTURE  FOR  ELIMINATING  TURNING-ON  OF 
PARASITIC  MOS  TRANSISTORS  FORMED  THEREIN 

nected  commonly  to  the  collector  region  6  and  the 
base  contact  region  7,  and  thus,  the  lateral  pnp- 
transistor  forms  a  lateral  pnp-diode  having  the  cir- 
cuit  diagram  shown  in  FIG.1.  On  the  other  hand, 

5  the  emitter  conductor  pattern  10  crosses  the  col- 
lector  region  6  at  a  level  above  the  level  of  the 
collector  region  6. 

In  such  a  pnp-lateral  diode,  there  occurs  a 
problem  such  that  parasitic  MOS  transistors  are 

w  formed  between  the  p-type  isolation  region  4  acting 
as  a  source  and  the  p-type  collector  region  6 
acting  as  a  drain  with  the  intervening  epitaxial 
region  3  acting  as  the  channel  region,  and  further 
between  the  p-type  collector  region  6  acting  as  a 

75  drain  and  the  emitter  region  5  acting  as  a  source 
with  the  intervening  epitaxial  region  3  acting  as  the 
channel  region  as  shown  in  FIG.3.  In  any  of  these 
parasitic  MOS  transistors,  the  insulator  layer  8  acts 
as  the  gate  oxide  film  and  the  collector  conductor 

20  pattern  acts  as  the  gate  electrode. 
FIG.4  shows  an  equivalent  circuit  diagram  of 

the  structure  of  FIG.3  including  these  parasitic 
MOS  transistors.  As  can  be  seen  in  the  equivalent 
circuit  diagram,  the  parasitic  transistors  form  a  sin- 

25  gle  MOS  transistor  11  of  multiple  source  construc- 
tion.  This  parasitic  MOS  transistor  11  of  FIG.4 
operates  as  an  enhancement  mode  MOS  transistor 
and  is  turned  on  when  the  voltage  level  at  the 
collector  conductor  pattern  9  and  thus  the  voltage 

30  level  at  the  collector  region  6  has  exceeded  the 
voltage  level  of  the  emitter  region  5  by  a  threshold 
voltage  pertinent  to  the  MOS  transistor  11.  In  other 
words,  when  the  lateral  pnp-diode  is  biased  in  the 
reverse  direction  with  a  reverse  voltage  level  ex- 

35  ceeding  the  threshold  voltage  of  the  parasitic  MOS 
transistor  1  1  ,  a  leak  current  flows  from  the  collector 
region  6  to  the  isolation  region  4  and  further  from 
the  collector  region  6  to  the  emitter  5  and  thus,  the 
lateral  pnp-diode  causes  a  breakdown. 

40  In  order  to  avoid  this  problem  of  poor  break- 
down  characteristic,  there  is  a  proposal  to  provide 
an  n*-type  diffusion  region  12  between  the  collec- 
tor  region  6  and  the  p-type  isolation  region  4  with 
an  increased  impurity  concentration  level  as  shown 

45  in  FIG.5.  The  n+-type  diffusion  region  12  thus  pro- 
vided  interrupts  the  flow  of  holes  through  the  chan- 
nel  region  between  the  source  region  4  and  the 
drain  region  5,  and  the  formation  of  the  parasitic 
MOS  transistor  in  this  region  is  substantially  elimi- 

50  nated. 
However,  this  approach  to  eliminate  the  para- 

sitic  MOS  transistor  is  incomplete,  as  only  one  of 
the  MOS  transistors  forming  the  parasitic  MOS 
transistor  11  is  eliminated  while  the  other  of  the 

BACKGROUND  OF  THE  INVENTION 

The  present  invention  generally  relates  to 
semiconductor  devices  and  more  particularly  to  a 
lateral  type  semiconductor  device  having  a  plurality 
of  diffusion  regions  of  first  and  second  conduction 
types  along  a  top  surface  of  a  substrate. 

In  the  so-called  lateral  type  semiconductor  de- 
vices  such  as  a  lateral  pnp-transistor  or  resistors,  a 
first  diffusion  region  of  a  first  conduction  type  and  a 
second  diffusion  region  of  a  second  conduction 
type  are  formed  alternately  along  the  top  surface  of 
a  substrate. 

FIG.1  shows  a  typical  circuit  diagram  of  such  a 
lateral  pnp-transistor  in  which  the  collector  and  the 
base  are  shorted  to  form  a  lateral  pnp-diode.  FIG.2 
shows  a  plan  view  of  such  a  lateral  pnp-diode 
formed  on  a  substrate  and  FIG.3  shows  a  cross- 
sectional  view  of  the  lateral  pnp-diode  of  FIG.2 
taken  along  a  line  3-3'  of  FIG.2. 

Referring  to  FIGS.2  and  3,  the  lateral  pnp- 
diode  is  formed  within  an  n-type  epitaxial  layer  3 
which  is  grown  epitaxially  on  a  p-type  substrate  1. 
The  n-type  epitaxial  layer  3  is  formed  with  a  plural- 
ity  of  isolation  regions  4  repeated  with  a  predeter- 
mined  interval,  and  a  lateral  pnp-transistor  forming 
the  diode,  is  formed  in  a  device  region  of  the 
epitaxial  layer  3  defined  by  a  pair  of  such  isolation 
regions  4.  In  correspondence  to  the  device  region 
thus  defined,  there  is  formed  also  a  buried  layer  2 
of  the  n-type  at  a  boundary  between  the  substrate  I 
and  the  epitaxial  layer  3. 

In  the  epitaxial  layer  3,  a  p-type  diffusion  re- 
gion  5  acting  as  the  emitter  of  the  lateral  pnp- 
transistor  is  formed  generally  in  correspondence  to 
the  central  part  of  the  device  region,  and  another  p- 
type  diffusion  region  6  acting  as  the  collector  is 
formed  so  as  to  surround  the  emitter  region  5. 
Further,  an  n*-type  diffusion  region  7  with  an  impu- 
rity  concentration  level  exceeding  the  impurity  con- 
centration  of  the  n-type  epitaxial  layer  3,  is  formed 
in  a  region  of  the  epitaxial  layer  3  outside  the 
region  surrounded  by  the  collector  6  as  a  base 
contact  region  of  the  lateral  pnp-transistor.  This 
base  contact  region  7  contacts  with  the  n-type 
epitaxial  layer  3  which  acts  as  the  base  of  the  pnp- 
transistor  at  a  part  of  the  layer  3  located  between 
the  emitter  5  and  the  collector  6.  Further,  an  insula- 
tor  layer  8  is  provided  on  the  epitaxial  layer  3  so  as 
to  bury  the  emitter  region  5,  collector  region  6  and 
the  base  contact  region  7,  and  a  collector  conduc- 
tor  pattern  9  and  an  emitter  conductor  pattern  10 

are  provided  on  the  insulator  layer  8.  It  should  be 
noted  that  the  collector  conductor  pattern  9  is  con- 
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According  to  the  present  invention,  the  turning- 
on  of  the  parasitic  MOS  transistor  is  effectively 
suppressed.  Further,  as  the  semiconductor  device 
has  a  two-layer  conductor  structure  wherein  the 

5  first  conductor  pattern  and  the  second  conductor 
pattern  are  provided  at  respective  levels,  the  feed- 
ing  of  the  predetermined  voltage  to  the  first  con- 
ductor  pattern  can  be  made  irrespective  of  the 
configuration  of  the  second  conductor  pattern.  For 

w  example,  the  first  conductor  pattern  can  be  pro- 
vided  immediately  below  the  second  conductor 
pattern  and  the  turning-on  of  the  parasitic  MOS 
transistor  can  be  suppressed  effectively.  Further 
supply  of  the  predetermined  voltage  to  the  first 

75  conductor  pattern  can  be  made  from  any  conve- 
nient  voltage  source  nearby  without  being  obstruct- 
ed  by  the  second  conductor  pattern. 

Particularly,  when  the  second  conductive  semi- 
conductor  regions  are  connected  to  form  a  collec- 

20  tor  region  surrounding  the  first  conductive  semicon- 
ductor  region,  which  first  conductive  semiconductor 
region  thereby  acting  as  a  base  region,  and  when  a 
third  conductive  semiconductor  region  acting  as  an 
emitter  region  is  formed  further  generally  at  the 

25  center  of  the  first  conductive  semiconductor  region 
such  that  the  semiconductor  device  forms  a  lateral 
bipolar  transistor,  it  is  possible  to  enclose  the  base 
region  completely  by  the  collector  region  without 
causing  the  turning-on  of  the  parasitic  MOS  transis- 

30  tor  which  otherwise  would  be  caused  by  the  emitter 
voltage  supplied  to  the  emitter  region  through  the 
second  conductor  pattern.  Because  the  collector 
region  surrounds  the  base  region  completely,  the 
efficiency  of  carrier  injection  is  improved  signifi- 

35  cantly  without  inducing  the  turning-on  of  the  para- 
sitic  MOS  transistor. 

Other  objects  and  further  features  of  the 
present  invention  will  become  apparent  from  the 
following  detailed  description  on  the  preferred  em- 

40  bodiments  when  read  in  conjunction  with  the  at- 
tached  drawings. 

MOS  transistors  forming  the  MOS  transistor  11  is 
left  as  it  is  without  any  change  between  the  collec- 
tor  region  6  and  the  emitter  region  5.  The  provision 
of  a  doped  region  between  the  collector  region  6 
and  the  emitter  region  5  similarly  to  the  doped 
region  12  would  cause  a  disastrous  result  in  the 
performance  of  the  bipolar  transistor,  as  this  region 
between  the  collector  region  6  and  the  emitter 
region  5  is  used  for  the  base  of  the  pnp-transistor 
and  is  critical  to  the  operational  characteristic  of  the 
transistor. 

Further,  such  a  provision  of  the  additional  diffu- 
sion  region  is  undesirable  from  the  view  point  of 
increasing  the  integration  density  and  hence  the 
operational  speed  of  the  device.  It  is  needless  to 
say  that  the  provision  of  another  doped  region 
similar  to  the  region  12  between  the  collector  re- 
gion  6  and  the  emitter  region  5  causes  an  unnec- 
essary  increase  of  the  size  of  the  semiconductor 
device. 

SUMMARY  OF  THE  INVENTION 

Accordingly,  it  is  a  general  object  of  the 
present  invention  to  provide  a  novel  and  useful 
lateral  type  semiconductor  device  wherein  the  fore- 
going  problems  are  eliminated. 

Another  object  of  the  present  invention  is  to 
provide  a  lateral  type  semiconductor  device  com- 
prising  a  substrate  formed  with  a  first  conductive 
semiconductor  region  of  a  first  conduction  type  and 
a  pair  of  second  conductive  semiconductor  regions 
of  a  second  conduction  type  disposed  at  both 
sides  of  the  first  region  along  a  surface  thereof,  a 
first  insulator  layer  provided  on  the  substrate  so  as 
to  cover  the  first  and  second  regions,  a  first  con- 
ductor  pattern  provided  on  the  first  insulator  layer 
at  least  in  correspondence  to  a  part  thereof  located 
above  said  first  region,  a  second  insulator  layer 
provided  on  the  first  insulator  layer  including  the 
first  conductor  pattern,  and  a  second  conductor 
pattern  provided  on  the  second  insulator  layer  so 
as  to  extend  along  the  second  insulator  layer, 
crossing  the  first  conduction  pattern,  and  connect- 
ed  electrically  to  one  of  said  second  diffusion  re- 
gions,  wherein  the  turning-on  of  a  parasitic  MOS 
transistor,  formed  between  the  pair  of  second  con- 
ductive  semiconductor  regions  acting  respectively 
as  the  source  and  drain  with  the  first  conductive 
semiconductor  region  acting  as  the  channel  region 
and  the  second  conductor  pattern  acting  as  the 
gate  electrode,  is  effectively  suppressed  by  apply- 
ing  a  predetermined  voltage  to  the  first  conductor 
pattern  such  that  the  voltage  across  the  gate  and 
the  source  of  the  parasitic  MOS  transistor  is  held 
smaller  than  the  threshold  voltage  of  the  MOS 
transistor. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
45 

FIG.1  is  a  circuit  diagram  showing  a  typical 
pnp-transistor  connected  to  form  a  diode; 

FIG.2  is  a  plan  view  showing  a  conventional 
construction  of  the  diode  of  FIG.1  on  a  semicon- 

50  ductor  substrate; 
FIG.3  is  a  cross-sectional  view  showing  the 

construction  of  the  diode  of  FIG.1  on  the  semicon- 
ductor  substrate  taken  along  a  line  3-3  of  FIG.2; 

FIG.4  is  an  equivalent  circuit  diagram  show- 
55  ing  a  parasitic  MOS  transistor  formed  across  the 

diode  in  the  prior  art  construction  of  FIGS.2  and  3; 
FIG.5  is  a  cross-sectional  view  showing  a 

prior  art  construction  for  eliminating  the  parasitic 
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ed  in  response  to  a  voltage  Vi  applied  to  the 
second  conductor  pattern  17,  is  eliminated  by  ap- 
plying  a  predetermined  voltage  V2  to  the  first  con- 
ductor  pattern  15  from  a  suitable  voltage  source  VE 

5  or  VE'. 
For  example,  when  the  first  diffusion  regions 

12i  -  123  are  doped  to  the  p-type  and  the  second 
diffusion  region  13  is  doped  to  the  n-type,  the 
tendency  that  the  parasitic  MOS  transistors  M0S1 

w  and  MOS2  are  turned  on  in  response  to  the  low 
voltage  such  as  the  ground  level  voltage  or  nega- 
tive  voltage  applied  to  the  second  conductor  pat- 
tern  17,  is  eliminated  by  applying  the  voltage  V2, 
set  such  that  the  voltage  across  the  gate  and  the 

75  source  of  the  parasitic  MOS  transistor  becomes 
smaller  than  the  threshold  voltage  of  the  parasitic 
MOS  transistor,  to  the  first  conductor  pattern  15 
from  the  voltage  source  VE.  This  condition  is  read- 
ily  met  when  the  first  conductor  pattern  15  is 

20  connected  directly  to  one  of  the  regions  12i-  123 
acting  as  the  source  of  the  parasitic  MOS  transis- 
tor. 

A  similar  relation  also  holds  when  the  first 
diffusion  regions  12i  -  123  are  doped  to  the  n-type 

25  and  the  second  diffusion  region  13  is  doped  to  the 
p-type,  except  that  the  polarity  of  the  voltage  ap- 
plied  to  the  various  parts  of  FIG.6  is  reversed. 
Thus,  the  voltage  V2  is  now  supplied  to  the  con- 
ductor  15  from  the  voltage  source  VE'  with  a 

30  negative  polarity. 
According  to  the  present  invention,  use  of  the 

doped  region  12  as  in  the  case  of  the  prior  art 
device  shown  in  FIG.5  is  eliminated,  and  thereby 
the  turning-on  of  both  of  the  MOS  transistors 

35  MOS1  and  MOS2  is  eliminated  without  increasing 
the  size  of  the  semiconductor  device.  As  the  level 
of  the  first  conductor  pattern  and  the  level  of  the 
second  conductor  pattern  are  different,  the  voltage 
V2  to  be  supplied  to  the  first  conductor  pattern  for 

40  elimination  of  the  turning-on  of  the  parasitic  MOS 
transistors  is  easily  obtained  from  a  nearby  con- 
ductor  without  being  obstructed  by  the  second 
conductor  pattern  which  may  be  an  essential  part 
of  the  active  device  formed  on  the  semiconductor 

45  device  of  FIG.6. 
Next,  a  first  embodiment  of  the  present  inven- 

tion  will  be  described  with  reference  to  FIGS.7  and 
8. 

Referring  to  FIG.7  showing  a  cross-sectional 
50  view  of  the  structure  of  FIG.8  taken  along  a  line  7- 

7',  the  semiconductor  device  is  a  lateral  pnp-tran- 
sistor  formed  on  a  substrate  21.  Similarly  to  the 
prior  art  device  of  FIG.3,  the  lateral  pnp-transistor 
is  formed  within  an  epitaxial  layer  23  doped  to  the 

55  n-type  and  grown  epitaxially  on  the  silicon  sub- 
strate  21  .  In  the  epitaxial  layer  23,  a  pair  of  p-type 
isolation  regions  24  are  formed  for  device  isolation, 
and  a  p-type  diffusion  region  25  corresponding  to 

MOS  transistor; 
FIG.6  is  a  cross-sectional  view  showing  the 

principle  of  the  semiconductor  device  of  the 
present  invention; 

FIG.7  is  a  cross-sectional  view  showing  the 
semiconductor  device  according  to  a  first  embodi- 
ment  of  the  present  invention; 

FIG.8  is  a  plan  view  showing  the  semicon- 
ductor  device  of  FIG.7; 

FIG.9  is  a  circuit  diagram  showing  an  exam- 
ple  of  use  of  the  semiconductor  device  of  FIG.7; 

FIG.10  is  a  plan  view  showing  the  semicon- 
ductor  device  according  to  a  second  embodiment 
of  the  present  invention;  and 

FIG.1  1  is  a  cross-sectional  view  showing  the 
semiconductor  device  of  FIG.10. 

DETAILED  DESCRIPTION 

FIG.6  shows  the  principle  of  the  present  inven- 
tion.  In  this  drawing,  the  illustrated  structure  is  not 
for  a  specific  device  and  various  active  devices 
such  as  lateral  bipolar  transistors  or  diodes  or  other 
devices  such  as  resistors  may  be  formed  on  the 
structure  of  FIG.6. 

Referring  to  FIG.6,  the  structure  comprises  a 
substrate  1  1  formed  therein  with  a  plurality  of  first 
doped  regions  12i,  122,  123  of  a  first  conduction 
type  and  a  second  doped  region  13  of  a  second 
conduction  type  such  that  the  first  and  second 
doped  regions  are  disposed  alternately  along  the 
surface  of  the  substrate  1  1  .  In  the  illustrated  exam- 
ple,  there  is  one  such  first  doped  region  12i  in  the 
second  doped  region  13  in  a  manner  isolated  from 
other  first  doped  regions  122  and  123,  and  the 
second  doped  region  13  is  laterally  bounded  by 
the  first  doped  regions  122  and  123.  A  first  insula- 
tor  layer  14  is  provided  on  the  substrate  11  so  as 
to  cover  the  first  and  second  doped  regions  12i  - 
123  and  13,  and  a  first  conductor  pattern  15  is 
provided  on  the  first  insulator  layer  14  so  as  to 
cover  at  least  the  second  doped  region  13.  Further, 
a  second  insulator  layer  16  is  provided  on  the  first 
conductor  pattern  1  5,  and  a  second  conductor  pat- 
tern  17  is  provided  on  the  second  insulator  layer  16 
so  as  to  extend  above  the  first  doped  regions  12i  - 
123,  passing  over  the  second  diffusion  region  13.  In 
such  a  structure,  there  are  formed  parasitic  MOS 
transistors  MOS1  and  MOS2  respectively  between 
the  first  doped  region  12i  and  another  first  doped 
region  122,  and  between  the  first  doped  region  12i 
and  another  first  doped  region  123.  Thereby,  the 
first  insulator  layer  14  and  the  second  insulator 
layer  16  act  as  the  gate  oxide  film  and  the  first  and 
second  conductor  patterns  15  and  17  act  as  the 
gate  electrodes. 

In  the  present  invention,  the  turning-on  of  these 
parasitic  MOS  transistors  MOS1  and  MOS2,  caus- 
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FIG.9  shows  an  example  of  use  of  the  lateral 
pnp-diode  of  FIG.7  in  combination  with  a  voltage 
inversion  and  amplification  circuit  110,  for  produc- 
ing  a  predetermined,  constant  voltage.  In  this  cir- 

5  cuit  110,  an  input  signal  at  a  first  input  terminal  IN1 
is  inverted  and  supplied  to  an  external  capacitor  C, 
after  amplification,  passing  through  a  pnp-diode 
100  having  the  construction  of  FIG.7  and  further 
through  an  output  terminal  OUT,  provided  that  the 

w  input  signal  at  the  first  input  terminal  IN1  is  lower 
than  a  reference  voltage  Vref  supplied  to  a  second 
input  terminal  IN2.  When  the  input  voltage  at  the 
input  terminal  IN1  has  exceeded  the  reference  volt- 
age  Vref,  no  output  is  supplied  to  the  capacitor  C. 

75  Thus,  when  a  low  input  voltage  V0L  lower  than  the 
voltage  Vref  is  supplied  to  the  input  terminal  IN1, 
the  capacitor  C  is  charged  to  a  voltage  of  VOl  -  VD 
wherein  VD  represents  the  voltage  drop  caused  by 
the  pnp-diode  100. 

20  At  the  time  of  charging  the  capacitor  C  as 
such,  there  occurs  a  case  in  which  the  voltage  at 
the  input  terminal  IN1  changes  from  the  level  VOl 
to  a  level  V0H  which  exceeds  the  reference  voltage 
Vref.  When  such  a  transition  of  the  input  voltage 

25  occurs,  the  output  voltage  at  the  output  terminal 
OUT  disappears,  and  a  large  reverse  voltage  which 
can  have  a  value  of  V0H  -  VD  VOl  in  the  maximum 
is  applied  to  the  pnp-diode  1  00.  When  the  parasitic 
MOS  transistors  as  shown  in  FIG.7  are  turned  on  in 

30  this  state,  the  capacitor  C  is  discharged  and  the 
circuit  of  FIG.9  can  no  longer  provide  a  stabilized 
output  at  the  capacitor  C.  When  the  source  vol- 
tages  VCc  and  VEE  are  set  to  be  18  volts  and  -5 
volts  respectively,  and  when  the  voltages  VOh  and 

35  VOl  are  respectively  set  to  be  1  7  volts  and  -4  volts 
with  the  voltage  drop  VD  of  0.7  volts,  this  reverse 
voltage  can  become  as  large  as  20.3  volts. 

Referring  again  to  FIG.7,  when  there  appears 
such  a  large  reverse  voltage  across  the  pnp-diode 

40  100,  this  reverse  voltage  is  applied  to  the  first 
conductor  pattern  33  which  covers  the  epitaxial 
layer  23  including  the  region  where  the  parasitic 
MOS  transistors  MOS1  and  MOS2  are  formed.  It 
should  be  noted  that  this  high  reverse  bias  voltage 

45  is  not  only  applied  to  the  first  conductor  pattern  33 
acting  as  the  gate  of  the  parasitic  MOS  transistor 
but  also  to  the  p-type  diffusion  region  26  acting  as 
the  source,  via  the  contact  hole  26a.  Thus,  the 
gate-source  voltage  is  maintained  zero  and  the 

so  turning-on  of  the  MOS  transistor  does  not  occur 
even  a  low  voltage  is  applied  to  the  second  con- 
ductor  pattern  36  in  correspondence  to  the  large 
reverse  voltage. 

Referring  to  FIG.6,  the  voltage  Voh-Vd-VOl  cor- 
55  responds  to  the  voltage  V2  and  the  voltage  V0L 

corresponds  to  the  voltage  V1.  Further,  the  circuit 
110  acts  as  the  voltage  source  VE. 

It  should  be  noted  that  the  construction  of 

the  emitter  of  the  lateral  pnp-transistor  and  another 
p-type  diffusion  region  26  corresponding  to  the 
collector  of  the  lateral  pnp-transistor,  are  formed  in 
a  device  region  defined  by  the  isolation  regions  24. 

As  can  be  seen  in  the  plan  view  of  FIG.8,  the 
collector  region  26  is  provided  so  as  to  surround 
the  emitter  region  25  completely,  and  the  part  of 
the  n-type  epitaxial  layer  23,  bounded  laterally  by 
the  emitter  region  25  and  the  collector  region  26, 
acts  as  the  base  of  the  pnp-transistor.  Further,  a 
base  contact  region  27  of  the  n  -type  is  formed  in 
the  epitaxial  layer  23  in  correspondence  to  the 
outside  of  the  region  surrounded  by  the  collector 
region  26. 

The  epitaxial  layer  23  is  covered  by  a  thin 
insulator  film  28  except  for  those  portions  covering 
the  base  contact  region  27  and  further  except  for  a 
part  of  the  collector  region  26,  and  a  contact  hole 
27a  and  another  contact  hole  26a  are  formed  in  the 
insulator  film  28  in  correspondence  to  the  regions 
27  and  26,  respectively.  Further,  the  insulator  film 
28  is  formed  with  another  contact  hole  25a  in 
correspondence  to  the  emitter  region  25  so  as  to 
expose  a  part  of  the  emitter  region  25. 

Further,  a  first  conductor  pattern  33  is  provided 
on  the  first  insulator  film  28  such  that  the  first 
conductor  pattern  33  is  contacted  to  the  base  con- 
tact  region  27  and  the  collector  region  26  respec- 
tively  at  the  contact  holes  26a  and  27a.  As  the 
base  and  collector  are  connected  commonly  by  the 
first  conductor  pattern  33,  the  lateral  pnp-transistor 
operates  as  a  pnp-diode  similar  to  the  one  shown 
in  FIG.1.  FIG.8  shows  the  first  conductor  pattern  33 
in  the  plan  view.  As  can  be  seen  in  FIG.8,  the  first 
conductor  pattern  33  has  a  central  cutout  38,  and  a 
generally  rectangular  electrode  piece  34  is  pro- 
vided  in  correspondence  to  the  central  cutout  38. 
This  electrode  piece  34  is  provided  at  a  level 
substantially  identical  to  the  level  of  the  first  con- 
ductor  pattern  33,  and  is  contacted  to  the  emitter 
region  25  at  the  contact  hole  25a  as  illustrated  in 
FIG.7. 

Further,  a  second  insulator  film  35  is  provided 
so  as  to  cover  the  first  conductor  pattern  33  as  well 
as  the  electrode  piece  34,  and  a  contact  hole  37  is 
formed  in  the  second  insulator  film  35  so  as  to 
expose  a  part  of  the  electrode  piece  34.  On  the 
second  insulator  film  35,  a  second  conductor  pat- 
tern  36  is  provided  so  as  to  make  a  contact  to  the 
electrode  piece  34  at  the  contact  hole  37.  Thus,  the 
second  conductor  pattern  36  is  contacted  to  the 
emitter  region  25  in  the  epitaxial  layer  23  via  the 
electrode  piece  34.  As  will  be  noted  in  the  cross- 
sectional  view  of  FIG.7,  there  are  formed  parasitic 
MOS  transistors  between  the  isolation  region  24 
and  the  collector  region  26  and  between  the  collec- 
tor  region  26  and  the  emitter  region  25,  respec- 
tively. 
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layer  construction  without  providing  separate  volt- 
age  source  for  biasing  the  conductor  pattern  42. 

The  foregoing  construction  is  also  applicable  to 
the  case  where  the  conduction  type  of  various 

5  regions  is  reversed.  In  other  words,  the  isolation 
region  24,  the  emitter  region  25,  the  collector  re- 
gion  26  and  the  resistance  region  40  may  doped  to 
the  n-type,  and  the  epitaxial  layer  23  and  the  base 
contact  region  27  may  be  doped  to  the  p-type. 

w  Further,  the  present  invention  is  not  limited  to 
these  embodiments  described  heretofore,  but  var- 
ious  variations  and  modifications  may  be  made 
without  departing  from  the  scope  of  the  invention. 

FIG.7  does  not  require  any  extra-interconnection  or 
modification  of  the  construction  for  supplying  the 
high  voltage  to  the  first  conductor  pattern  35  cover- 
ing  the  parasitic  MOS  transistors  because  of  the 
two-layer  construction  using  the  first  and  second 
interconnection  conductors  35  and  36.  Further,  it 
should  be  noted  that  such  a  construction  does  not 
use  the  conventionally  used  doped  region  such  as 
the  region  12  (FIG.5)  for  interrupting  the  channel 
and  the  problem  of  unnecessary  increase  of  the 
size  of  the  semiconductor  device  is  avoided. 

Next  a  second  embodiment  of  the  semiconduc- 
tor  device  of  the  present  invention  will  be  de- 
scribed  with  reference  to  FIGS.10  and  11.  In 
FIGS.10  and  11,  the  parts  corresponding  to  the 
parts  already  described  are  given  identical  refer- 
ence  numerals  and  the  description  thereof  will  be 
omitted. 

Referring  to  FIG.  10  showing  a  plan  view  of  the 
present  embodiment,  a  p-type  resistance  region  40 
is  formed  generally  in  correspondence  to  the  cen- 
ter  of  the  epitaxial  layer  23,  and  a  positive  side 
conductor  pattern  42  and  a  negative  side  conductor 
pattern  43  are  provided  on  the  insulator  film  28  as 
illustrated.  These  conductor  patterns  42  and  43  are 
connected  to  respective  ends  of  the  resistance 
region  40  via  cross-hatched  contact  holes  of  rec- 
tangular  form  shown  in  FIG.10.  These  contact  holes 
are,  of  course,  formed  in  the  insulator  film  18. 
Further,  a  conductor  pattern  45  carrying  a  low  or 
ground  level  voltage  is  provided  on  the  second 
insulator  film  35  so  as  to  cross  the  resistance 
region  40. 

In  such  a  construction,  it  will  be  understood 
from  the  cross-sectional  view  of  FIG.  11  that  the 
parasitic  MOS  transistors  MOS1  and  MOS2  are 
formed  between  one  of  the  isolation  regions  24  and 
the  resistance  region  40  and  between  the  other  of 
the  isolation  regions  24  and  the  resistance  region 
40.  In  order  to  eliminate  the  turning-on  of  the 
parasitic  MOS  transistors  MOS1  and  MOS2,  the 
positive  side  conductor  pattern  42  is  extended  so 
as  to  cover  the  part  of  the  resistance  region  40  on 
which  the  conductor  pattern  45  passes. 

FIG.11  shows  a  cross-sectional  view  of  FIG.10 
taken  along  a  line  11-11'.  Referring  to  FIG.11,  it  will 
be  seen  that  the  positive  side  conductor  pattern  42, 
provided  on  the  first  insulator  film  28,  is  located 
underneath  the  conductor  pattern  45  separated  by 
the  second  insulator  film  35.  As  the  voltage  applied 
to  the  conductor  pattern  42  is  equal  to  the  voltage 
applied  to  the  resistance  region  40,  the  turning-on 
of  the  parasitic  MOS  transistors  M0S1  and  MOS2 
is  prevented  even  when  a  low  level  voltage  such  as 
the  ground  level  voltage  is  applied  to  the  conductor 
pattern  45. 

In  this  construction,  too,  the  turning-on  of  the 
parasitic  MOS  transistors  is  eliminated  by  the  two- 

75 
Claims 

1.  A  semiconductor  device,  comprising:  a  sub- 
strate  (11,  21)  of  a  first  conduction  type  defined  by 

20  a  major  surface;  a  pair  of  conductive  regions  (12i, 
122;  12i  ,  123)  of  a  second  conduction  type  formed 
in  the  substrate  along  said  major  surface;  an  inter- 
vening  region  (13)  of  the  first  conduction  type 
formed  in  the  substrate  between  said  pair  of  con- 

25  ductive  regions  so  as  to  separate  said  pair  of 
conductive  regions  from  each  other;  a  first  insulator 
film  (14)  provided  on  the  substrate  so  as  to  cover 
the  major  surface  thereof  including  the  pair  of 
conductive  regions  and  the  intervening  region  lo- 

30  cated  therebetween; 
characterized  in  that  the  semiconductor  device 
comprises  a  first  conductor  layer  (17)  provided  so 
as  to  extend  generally  parallel  to  the  major  surface 
of  the  substrate  with  a  separation  from  the  first 

35  insulator  film,  said  first  conductor  layer  crossing  a 
part  of  the  intervening  region  at  a  level  separated 
therefrom;  a  second  conductor  layer  (15)  provided 
on  the  first  insulator  film  at  a  level  below  the  first 
conductor  layer  so  as  to  cover  at  least  said  part  of 

40  the  intervening  region  which  is  crossed  by  the  first 
conductor  layer;  a  second  insulator  film  (16)  inter- 
posed  between  said  second  conductor  layer  and 
said  first  conductor  layer,  said  pair  of  conductive 
regions,  said  intervening  region,  said  first  insulator 

45  film  and  said  second  conductor  layer  forming  a 
parasitic  MOS  transistor  having  a  predetermined 
threshold  voltage,  wherein  one  of  said  pair  of  con- 
ductive  regions  acts  as  a  source,  the  other  of  said 
pair  of  conductive  regions  acts  as  a  drain,  said 

50  intervening  region  acts  as  a  channel  region,  said 
first  insulator  film  acts  as  a  gate  insulator  and  said 
second  conductor  layer  acts  as  a  gate  electrode  of 
the  parasitic  MOS  transistor;  and  means  (VE,  VE  ) 
for  applying  a  predetermined  voltage  (V2)  to  said 

55  second  conductor  layer,  said  predetermined  volt- 
age  having  a  magnitude  chosen  such  that  a 
turning-on  of  the  parasitic  MOS  transistor  is  elimi- 
nated. 
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lateral  pnp-diode  is  connected  to  a  second  circuit 
(C)  providing  a  constant  positive  voltage  (V2)  which 
is  equal  to  or  higher  than  the  variable  output  volt- 
age  of  the  first  circuit,  and  said  predetermined 
voltage  applied  to  the  first  conductor  layer  is  ob- 
tained  from  the  second  circuit  via  the  first  conduc- 
tor  layer. 

8.  A  semiconductor  device  as  claimed  in  claim 
1  characterized  in  that  said  semiconductor  device 
further  comprises  a  third  conductive  region  (40) 
acting  as  a  resistance  in  the  substrate  (21)  between 
said  pair  of  conductive  regions  (24),  said  third 
conductive  region  extending  in  a  first  direction  with- 
in  a  plane  of  the  major  surface  of  the  substrate  with 
a  first  end  and  a  second  end,  and  dividing  the 
intervening  region  (23)  into  a  first  intervening  re- 
gion  at  a  first  side  and  a  second  intervening  region 
at  a  second  side  with  respect  a  second  direction 
perpendicular  to  the  first  direction,  said  first  con- 
ductor  pattern  (45)  crossing  the  third  conductive 
region  generally  in  the  second  direction  and  ex- 
tending  over  the  first  and  second  intervening  re- 
gions,  wherein  said  first  insulator  film  (28)  is  pro- 
vided  with  contact  holes  in  correspondence  to  said 
first  and  second  ends  of  the  third  conductive  region 
and  said  second  conductor  layer  is  connected  to 
the  first  end  of  the  third  conductive  region  via  one 
of  said  contact  holes,  another  conductor  layer  is 
provided  on  the  first  insulator  film  so  as  to  be 
connected  to  the  third  conductive  region  via  the 
other  of  said  contact  holes  and  a  part  of  the  third 
conductive  region  and  the  first  and  second  inter- 
vening  regions  located  at  least  under  the  first  con- 
ductor  layer  is  covered  by  the  second  conductor 
layer. 

2.  A  semiconductor  device  as  claimed  in  claim 
1  characterized  in  that  said  predetermined  voltage 
has  a  magnitude  set  such  that  there  appears  a 
voltage  difference  between  the  second  conductor 
layer  (33)  and  one  of  the  conductive  regions  (26)  5 
which  acts  as  the  source  of  the  parasitic  MOS 
transistor  with  the  voltage  difference  having  a  mag- 
nitude  substantially  smaller  than  that  of  the  thresh- 
old  voltage  of  the  parasitic  MOS  transistor. 

3.  A  semiconductor  device  as  claimed  in  claim  10 
1  characterized  in  that  said  second  conductor  layer 
(33)  is  electrically  connected  to  the  conductive 
region  (26)  which  acts  as  the  source  of  the  para- 
sitic  MOS  transistor. 

4.  A  semiconductor  device  as  claimed  in  claim  75 
2  characterized  in  that  said  pair  of  conductive  re- 
gions  comprises  first  and  second  p-type  regions 
(25,  26)  forming,  together  with  the  intervening  re- 
gion  (23)  having  the  n-type,  a  pnp-transistor. 

5.  A  semiconductor  device  as  claimed  in  claim  20 
4  characterized  in  that  said  first  p-type  region  (26) 
is  formed  so  as  to  enclose  the  second  p-type 
region  (25)  in  a  plane  of  the  major  surface  without 
interruption,  said  intervening  region  (23)  being  con- 
figured  so  as  to  surround  the  second  p-type  region  25 
without  interruption,  a  part  of  the  first  insulator  film 
(28)  covering  the  second  p-type  region  is  provided 
with  a  first  contact  hole  (25a),  a  third  conductor 
layer  (34)  is  provided  on  the  part  of  the  first  insula- 
tor  film  covering  the  second  p-type  region,  said  30 
third  conductor  layer  being  covered  by  the  second 
insulator  film  (35)  commonly  to  the  first  insulator 
film,  a  part  of  said  second  insulator  film  covering 
the  third  conductor  layer  being  provided  with  a 
second  contact  hole  (37),  said  third  conductor  layer  35 
being  connected  to  the  second  p-type  region  via 
said  first  contact  hole  and  to  the  first  conductor 
layer  via  said  second  contact  hole,  and  said  sec- 
ond  conductor  layer  (33)  is  provided  on  the  first 
insulator  film  (28)  so  as  to  surround  the  third  con-  40 
ductor  layer  without  interruption  in  correspondence 
to  the  intervening  region  surrounding  the  second  p- 
type  region,  wherein  said  first  conductor  layer  (36) 
connected  to  the  third  conductor  layer  extends 
along  the  second  insulator  film  across  the  first  p-  45 
type  region  located  under  the  first  insulator  film. 

6.  A  semiconductor  device  as  claimed  in  claim 
5  characterized  in  that  said  first  p-type  region  (26) 
and  said  intervening  region  (23)  are  connected 
electrically  by  the  first  conductor  layer  (33)  so  as  to  50 
form  a  lateral  pnp-diode,  wherein  said  first  p-type 
region  forms  a  cathode  and  said  second  p-type 
region  (25)  forms  an  anode. 

7.  A  semiconductor  device  as  claimed  in  claim 
6  characterized  in  that  said  anode  (25)  of  the  pnp-  55 
diode  is  connected  to  a  first  circuit  (110)  providing 
a  variable,  positive  output  voltage  (V1  )  via  the  sec- 
ond  conductor  layer  and  said  cathode  (26)  of  the 
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